We investigated the quality of duck ham restructured with various hydrocolloids (Alginic acid, Konjac, Carrageenan) on proximate composition, cooking loss, emulsion stability, pH, color, texture profile analysis (TPA), protein solubility, sensory characteristics, and apparent viscosity. Restructured duck ham was prepared as follows: control with no hydrocolloids, T1 (Alginate 1%), T2 (Alginate 0.5% + Konjac 0.5%), T3 (Alginate 0.7% + Konjac 0.3%), T4 (Alginate 0.5% + Carrageenan 0.5%), and T5 (Alginate 0.7% + Carrageenan 0.3%). The restructured duck hams with hydrocolloids had higher value for moisture content, ash content, and apparent viscosity than the control (P < 0.05). The cooking loss, total expressible fluid and fat separation, redness, hardness, cohesiveness, gumminess, and chewiness of restructured duck hams with hydrocolloids was lower than those of the control (P < 0.05). The sensory score for overall acceptability of restructured duck ham with T1 (1% alginate) and T2 (0.5% alginate + 0.5% konjac) was higher than that of the control (P < 0.05). Thus, this study showed that adding 1% alginate or 0.5% alginate + 0.5% konjac in restructured duck ham formulations results in optimized quality characteristics.
INTRODUCTION
Meat is not only a high-quality source of essential proteins, but also contains critical nutrients such as minerals and vitamins . Generally, the meat that is consumed includes pork, beef, chicken, and duck. Presently, many kinds of meat products are prepared using pork, beef, and chicken; however, research on processing duck is limited. Duck is a substantial global food commodity, and the consumption of duck meat has increased steadily over recent years (Kang et al., 2014) . Duck meat contains lower levels of saturated fat and cholesterol and higher levels of unsaturated fat compared to other meats (Nuernberg et al., 2011; Muhlisin et al., 2013; Kim et al., 2017a) . In particular, duck contains omega 6 fatty acids and oleic acids (Kim et al., 2017a) . Song et al. (2013) reported that the nutritional characteristics of duck meat are excellent, and it represents a high-quality protein source containing substantial levels of essential amino acids. However, most previous studies have focused on C 2018 Poultry Science Association Inc. Received January 9, 2018. Accepted September 27, 2018. 1 Corresponding author: kcys0517@kfri.re.kr meat quality analysis, and there have been few studies on duck meat processing.
Hydrocolloids improve the emulsion stability, water holding capacity, texture and appearance of processed meat products, so they have a very wide utility value in the meat processing industry (Park et al., 2000; Chin and Lee, 2002; Lee et al., 2017) . Hydrocolloids are hydrated with water to increase viscosity as well as to form a gel (Lin and Huang, 2003; Jeon et al., 2004) , and they include gums, mucilages, and water-soluble polymers. The pH, storage stability, interaction, viscosity, gel formation, temperature stability, and solubility of hydrocolloids need to be considered (Hwang and Choi, 1997) . Thus, it is necessary to study the application of meat products processing in combination with hydrocolloids. Alginate is the main component of the cell membranes of brown algae such as sea tangle and seaweed (Chang et al., 1998) , and alginic acid known as salt equivalent alginate is an anionic form that had water-insoluble characteristics (Draget et al., 1994) . When pH state of alginate solution is under the pK a , it may form stabilized gels by intermolecular hydrogen bonds (Chang et al., 1998) . Thus, the addition of alginate can inhibit the improvement in water holding capacity, emulsion stability, and textural properties of meat product. Konjac gum called glucomannan is a tuber of konjac and has a high molecular weight (200-2000 kDa) consisting of 4442 mannose and glucose (Chin et al., 2009 ). Konjac is not only well known for its strong water-binding ability but is also a synergistic ingredient on protein gelation, water binding, and textural properties of meat products (Chin et al., 2000) . Carrageenan, which forms strong complex with protein, can improve water-holding capacity, hardness, and cohesiveness in meat products. Carrageenan is categorized as kappa, iota, and lambda. Kappa and iota carrageenan can form gels, whereas lambda carrageenan cannot (Langendorff et al., 2000) . Thus, mixtures of kappa and iota carrageenan that can form gels have been used in meat products. In addition, konjac and locust bean gum are mixed with meat products to compensate for a disadvantage of carrageenan because meat products with only carrageenan added have low springiness (Goycoolea et al., 1995; Ayadi et al., 2009) .
Therefore, the present study investigated the quality characteristics of restructured duck hams alone or with combinations of hydrocolloids to improve the quality characteristics of processed duck products and generate fundamental data required for the development of new processed duck products.
MATERIALS AND METHODS

Restructured Duck Ham Preparation and Processing
The components and composition used in this study for manufacturing restructured duck ham are given in Table 1 . Fresh duck breast (moisture content: 73.84%, protein content: 19.87%, fat content 5.23%) and duck skin (moisture content: 32.17%, protein content: 9.21%, fat content 58.41%) are obtained from a local processor. Each ingredient from duck was initially ground through an 8-mm plate. After cut ground meat for ∼30 s in a silent cutter 009, Hermann Scharfen GmbH & Co, Postfach, Germany) , chilled water (2 • C). Sodium chloride (1.5%), sodium nitrite (0.02%), ascorbic acid (0.06%), sugar (1.7%), and isolated soy protein (1.7%) were mixed for 1 min with meat batter. Duck skin and hydrocolloids were added after 1 min. Finally, restructured duck ham batters were emulsified for 5 min. Temperature of meat emulsion was monitored by a temperature probe (Kane-May, KM330, Harlow, UK) and kept below 10
• C throughout batter preparation. After emulsification, the restructured duck meat batter was stuffed (Stuffer IS-8, Sirman, Marsango, Italy) into cellulose casings and heated for 30 min in a water bath at 75
• C, and cooled at room temperature (21 • C) for 3 h. All procedure was repeated 3 times for each restructured duck ham.
Proximate Composition
Standard AOAC methods (2000) 
Cooking Loss
For measuring the cooking loss of each stuffed restructured duck hams, they were weighed twice before heat processing at 75
• C for 30 min and after cooling to room temperature (21
• C) for 3 h. After this process, the difference weight between before and after heating was calculated as cooking loss (%).
Emulsion Stability
For analyzing emulsion stability of restructured ham, the method of Bloukas and Honikel (1992) was used with the following minor modifications: separated fat and total fluid of each graduated glass tube were measured from bottom and calculated (Choi et al., 2007) .
pH
Each 5 g of sample and 20 mL distilled water were homogenized, and pH value was measured using a Model 340 pH meter (Mettler-Toledo GmbH, Schwerzenbach, Switzerland).
Color
A colorimeter (Minolta Chroma meter CR-210, Minolta Ltd., Osaka, Japan; illuminate C, calibrated with a white plate, L * = +97.83, a * = -0.43, b * = +1.98) was used to measure the color of each ham. Lightness, redness, and yellowness was expressed CIE L * -value, CIE a * -value, and CIE b * -value (Choi et al., 2016) .
Texture Profile Analysis
Hardness (kg), springiness, cohesiveness, gumminess (kg), and chewiness (kg) were determined as described by Bourne (1978) using a texture analyzer (TA-XT2i, Stable Micro Systems Ltd., Surrey, England) at room temperature (21
• C). TPA values were obtained from the center portion of restructured ham taken from cooled restructured duck hams. Set TPA conditions were as follows: pre-test speed 2.0 mm/s, post-test speed 5.0 mm/s, maximum load 2.0 kg, head speed 2.0 mm/s, distance 8.0 mm, force 5.0 g.
Sensory Evaluation
A trained 30-member panel evaluated the restructured duck hams, and this panel was trained from the Food Processing Research Center at Korea Food Research Institute in Korea. After cooling the cooked samples, they were cut into quarters and served to the panelists randomly, and warm water was used to cleanse palate of panelists between samples. Items for evaluation were separated by color, flavor, tenderness, juiciness, and overall acceptability, and these evaluation items of the cooked samples were evaluated using a 9-point descriptive scale (1 = very undesirable, 9 = very desirable). This analysis was conducted using the Hedonic test described by Choi et al. (2008) .
Apparent Viscosity
The apparent viscosity of duck ham batter was measured by a Brookfield rheometer DV3T HB (Brookfield Engineering Laboratories, Stoughton, Massachusetts, USA). Five milliliter of meat batter was stuffed into the metal cup, and the SC4-29 standard spindle was used to measure the apparent viscosity of the meat batter. The test speed was 10 rpm for 60 s. The unit of apparent viscosity was presented as Pa s.
Statistical Analysis
Each experimental design was conducted in triplicate and mean values were reported. All data were analyzed statistically by using Statistical Analysis System (version 8.0, SAS Institute, Cary, NC, USA) to calculate averages and associated standard deviations. Significant difference (P < 0.05) was carried out with Duncan's multiple range test method.
RESULTS AND DISCUSSION
Proximate Composition
The proximate compositions were divided to moisture, crude protein, crude fat, and crude ash content. Those data of the restructured duck hams formulated with various hydrocolloids are presented in Table 2. The moisture content of restructured duck hams with hydrocolloids was higher than the control sample (P < 0.05), due to high water-holding capacity of selected hydrocolloids. There were some previous studies about hydrocolloids that were used in meat products, and this trend was similar according to previous studies: Chin and Lee (2002) who reported that hydrocolloids improve the water-holding capacity and water-binding ability of meat products and Kang et al. (2003) who studied about different hydrocolloids that were added into meat products. The protein content was not significantly different between control samples and samples treated with hydrocolloids (P > 0.05). The fat content of treatment was significantly lower compared to that of the control sample (P < 0.05) because relatively higher moisture contents of treatment than control affected fat content of restructured duck ham. According to Kang et al. (2003) , addition of hydrocolloids decreased the fat content of meat products, yielding relatively higher water retention. The ash content of the treatment formulated with hydrocolloids was significantly higher than control samples (P < 0.05). These results were consistent with those obtained by Candogan and Kolsarici (2003) who studied about low-fat beef sausage with carrageenan and pectin that had a higher ash content than sausage without carrageenan and pectin. Addition of carrageenan and pectin resulted in increased ash contents of treatment in previous study (Candogan and Kolsarici, 2003) .
Cooking Loss and Emulsion Stability
The results of amount percentage of loss during cooking in the restructured duck hams with various hydrocolloids are presented in Table 3 . There is a difference in cooking yield depending on the composition of protein, fat, moisture, and additives during processing. The amount of cooking loss of duck hams restructured with hydrocolloids was smaller than the control sample, and the lowest cooking loss was observed in the treatment with 1% alginate (T1) (P < 0.05). These results agreed with Chin and Lee (2002) who studied about interactions between meat proteins and hydrocolloids used for low-fat meat product. They reported that konjac flour, carrageenan, locust bean gum, or mixed hydrocolloids minimized cooking loss of low-fat comminuted sausages. Kang et al. (2003) reported that cooking loss of meat products with hydrocolloids such as sodium alginate, carboxymethyl cellulose, carrageenan, and xanthan gum were lower than that of controls. Hong and Chin (2010) reported that the cold-set gelation of myofibrillar proteins with sodium alginate tended to show decreased cooking losses. Song et al. (2002) reported that the cooking loss of control beef patties was higher than those of patties with carrageenan, xanthan gum, and guar gum. These previous studies showed that hydrogen bond between hydrocolloids and moisture in meat product can decrease cooking loss of meat product. Thus, cooking losses of meat products were superior with addition of hydrocolloids in this study: among these, alginate is considered to be the best for minimizing cooking loss of restructured meat products. Table 3 shows the emulsion stability of duck hams restructured with various hydrocolloids. The total expressible fluid and fat separations of restructured duck hams with hydrocolloids were lower than the controls (P < 0.05). The lowest total expressible fluid separations of restructured duck hams were observed in the treatment with 1% alginate (T1), while the lowest fat separation of restructured duck hams was obtained by treatment with 0.5% alginate and 0.5% konjac (T2). These results agree with Park et al. (2008) who reported emulsion stability for pork meat processing with added guar gum, carrageenan, and alginic acid. The pork model systems with hydrocolloids showed higher emulsion stability due to the addition of guar gum, carrageenan, and alginic acid. In general, emulsion meat products are in the form of an emulsion in which the meat is mixed with protein, moisture, and fat. Thus, it is known that emulsion stability plays a most important role in terms of quality of the final products. According to Choi et al. (2009) , viscosity of meat emulsion had a high correlation with emulsion stability. With hydrogen bond between hydrocolloids and moisture content, increased apparent viscosity of treatment had a positive effect on emulsion stability of treatment (Cierach et al., 2009; Hefnawy and Ramadan, 2011) . The similar trends were shown by Shim et al. (2018) who studied about restructured duck ham with pre-emulsified duck skin-alginate. The higher viscosity showed better emulsion stability in this study. Table 4 presents the pH and color values for restructured duck hams formulated with various hydrocolloids. The highest pH of restructured duck hams was shown in treatment with 1% alginate (T1), and among control and treatment, the pH observed no significant difference (P > 0.05). Similar trends of pH in pork meat processing were reported in a study by Park et al. (2008) when different hydrocolloids were added to meat processing. Chin and Lee (2002) reported that the reduced fat sausage with hydrocolloids had no differences in pH with the addition of konjac flour, carrageenan, or locust bean gum and their pH range was 6.29 to 6.34. Kang et al. (2003) also reported the similar result which had no substantive changes in the pH of meat products added with hydrocolloids. Han et al. (2008) reported that pork jerky was not significantly influenced by the addition of konjac. Addition of hydrocolloids may affect pH of meat products, but small addition of hydrocolloids did not affect the pH of duck ham in this study. Table 4 presents the color of the restructured duck hams analyzed in this study, including lightness, redness, and yellowness. The highest lightness in the restructured duck hams was observed in control and T2 (0.5% alginate + 0.5% konjac) (P < 0.05). The redness and yellowness did not differ significantly between the control and any of the restructured duck ham treatments (P > 0.05). Kang et al. (2003) reported that color values were not different among meat products treated with xanthan gum, carrageenan, or alginate. Chin and Lee (2002) noted that no difference in color values was observed with the addition of 1% of each hydrocolloid (konjac, carrageenan, or locust bean gum). Park et al. (2008) reported that hydrocolloid showed no negative coloring effects within meat products, which suggested the possibility for their application in final products. In this study, hydrocolloids did not affect the color of restructured meat products except for lightness. Lightness of meat product may be affected by exudate fluid on surface, moisture content, and added ingredient (Kim et al. 2017b ).
pH and Color
Texture Profile Analysis
The texture profile analyses of the restructured duck hams are presented in Table 5 . The hardness, cohesiveness, gumminess, and chewiness of the restructured duck hams with hydrocolloids were lower than the control sample (P < 0.05) and it can be explained by hydrocolloids that increase the water retention capacity and water-holding capacity (Kang et al., 2003) . According to Choi et al. (2015) , the textural properties of meat products is affected by moisture and fat content, because these provide water-holding capacity and emulsion stability. In general, hydrocolloids enhance the water-holding capacity and water-binding capacity, resulting in slightly lower textural properties. The springiness of the restructured duck hams with hydrocolloids was lower than the control without hydrocolloids (P < 0.05), except for T4 (0.5% alginate + 0.5% carrageenan). These results agree with Kang et al. (2003) who reported similar texture properties for meat products supplemented with xanthan gum, carrageenan, and alginate. Due to the addition of hydrocolloids, texture profile analysis scores were lower for all tested meat products containing hydrocolloids compared to the control sample (P < 0.05), which is in accordance with the work of Chin and Lee (2002) . In general, alginate can form a gel with calcium ion (Draget et al., 1994) . Because of unsupplied calcium ion in duck ham, alginate had a limited gel formation and T1 had a lower hardness than other treatments that was combined with carrageenan and konjac (P < 0.05). Thus, meat products with added hydrocolloids can result in a meat product with a soft texture, and using carrageenan and konjac with alginate in duck ham can increase the hardness, cohesiveness, gumminess, and chewiness. Table 6 shows the sensory characteristics of restructured duck hams manufactured with various hydrocolloids. The color and flavor scores did not differ significantly between the control and all treatments with hydrocolloids in restructured duck ham samples (P > 0.05). The highest tenderness and juiciness scores were identified in T1 (P < 0.05). The overall acceptability of restructured duck hams samples with T1 (1% alginate) and T2 (0.5% alginate + 0.5% konjac) were higher than that of the control samples (P < 0.05). Similar trends of sensory score were observed in studies by Kang et al. (2003) when different types of hydrocolloid were added to meat products. They reported that the overall quality score was significantly higher in treatment with 1% alginate. Park et al. (2008) reported that addition of hydrocolloids to pork sausages supposedly influenced their sensory properties. These results obtained indicate that hydrocolloid addition appears to have an overall positive effect on the sensory characteristics of meat products. In particular, for meat products, the addition of 1% alginate provided excellent sensory characteristics of restructured duck hams. All values are means ± SD of 3 replicates. Color, flavor, tenderness, juiciness, and overall acceptability of the samples were evaluated using a 9-point descriptive scale (1 = extremely undesirable, 9 = extremely desirable). 
Sensory Analysis
Apparent Viscosity
Changes in apparent viscosity of restructured duck ham batter with various hydrocolloids over a period of 60 s are presented in Figure 1 . According to Hamm (1975) , apparent viscosity is affected by physical characteristics including emulsion stability, protein solubility, water-holding capacity, and interactions among fat, protein, and moisture components. The control and all the treated batter samples exhibited thixotropic behavior, with apparent viscosity that decreased regularly over time. The apparent viscosity of the restructured duck ham batter with various hydrocolloids was higher than the control sample because hydrocolloid enhances the binding capacity involving proteins and moisture. Kim et al. (2009) reported that the initial apparent viscosity is high due to the high resistance caused by irregular arrays, and decreases as the molecular array comes to be an increase in rotation time. Hong and Chin (2010) reported that the viscosity of gelation systems in porcine myofibrillar protein at different salt concentrations increase in the presence of alginate. Cierach et al. (2009) reported on the influence of carrageenan on the viscosity of frankfurters. They indicated that meat products with carrageenan presented elevated viscosity. In general, the meat batters with higher emulsion stability showed higher apparent viscosity (Hefnawy and Ramadan, 2011) , and meat emulsion systems showed correlations between emulsion viscosity and stability in emulsion systems (Choi et al., 2009) . Also, Lee et al. (2008) reported that high-viscosity emulsions in meat batters were not easily broken. In conclusion, higher apparent viscosity of duck ham with hydrocolloids than control played a positive role in the emulsion stability of restructured duck ham (Table 3) .
CONCLUSION
In this experiment, we evaluated the physicochemical and sensory characteristics of restructured duck hams with various hydrocolloids. Among hydrocolloid treatments, the cooking loss, emulsion stability, and overall acceptability of restructured duck hams with 1% alginate (T1) and 0.5% alginate + 0.5% konjac (T2) were better than observed with other treatments. The results of this study showed that adding alginate to restructured duck ham formulations results in optimized quality characteristics. Thus, the addition of alginate in the formulation was excellent in terms of the final quality of restructured duck meat products.
